During photographing, relative motion between the object and camera can cause image blur. Image restoration technology is able to recover original image from its degraded version as far as possible, and in image restoration, motion blur image restoration is very important. Genetic algorithm (GA), as a global optimization search algorithm based on Darwin's biological theory of evolution, can quickly and efficiently calculate the complicated nonlinear multidimensional data space. However, the standard GA and the inverse filter algorithm are easy to cause the problem of "premature convergence" to restoring the degraded image, in this paper, combining with the characteristics of strong image information correlation, an improved GA(IGA) is proposed. Experiments show IGA can overcome the "premature convergence", reduce the computational complexity, especially show the strong robustness in global optimization, and improve the quality of restored image to a certain extent.
INTRODUCTION
When shooting plane or three-dimensional images of objects, due to the imperfections of the actual shot device, the impact of image transmission medium, and the relative movement between camera equipment and photographed object, etc., making it different for the real scene and the photographed image, which causes the so-called image degradation phenomenon. In order to eliminate or mitigate the impact of this degradation, and as far as possible to restore the original appearance of the image, the image restoration technique is needed. Because the image degradation cause is unknown or cannot be expressed in function, there is no a unified recovery method. But, after a long period of development, currently there are many effective recovery technologies, such as inverse filtering method, Wiener filtering method, singular value decomposition and pseudo inverse method, Kalman filtering method and maximum entropy restoration method, and they have formed the corresponding theoretical system, many research results also arise at the historic moment.
(Chanand Wong, 1998) used variational approach to handle blurred image. This method adopted the variational energy model to solve the point spread function and clear image for the first time, but it did not combine with fuzzy priori knowledge, and directly drew the total variation item of convolution kernels into the energy equation for solving. Experiments showed that this method had certain universality, but not well. (Fergus and Singh, et al., 2006) applied the priori knowledge method of the image as auxiliary to solve, and the idea of multi-scale restoration was proposed to ensure the robustness of the algorithm. (Shan, Jia and Agarwala, 2008) found the fitting velocity between multi-Gauss probability distribution and the long tailed distribution was slow, and proposed a piecewise function to fit the distribution. (Cho and Lee, 2009; Welk and Raudaschl, 2015) put forward fast motion deblurring methods. First of all, applying the bilateral filter to remove noise of image, then using the shock filter to enhance the image edge, and a gradient filter rules were built for the enhanced image, then the information of the gradient exceeding a certain threshold was preserved, in the process of the gradual change from coarse scale to fine scale, successively increased gradient threshold, making more and more image information be used to estimate the point spread function. However, if there were a lot of details in the image, it affected the algorithm's effect. (Ji and Liu, 2008) employed the gradient information of the image to estimate the point spread function. Utilizing gradient information to calculate the Fourier power spectrum for estimating the kernel matrix resulting in image blurring, it had a good effect for motion blur caused by linear motion, but it was not good for the blurring effect caused by the actual camera motion. (Xu and Jia, 2010; Liu and Wang, et al., 2015) analyzed the characteristics of the previous algorithm, and presented the two steps to remove the motion blur of the image. The whole algorithm was better, but the process was more complex. (Hong and Park, 2010) analyzed the main problem of the single image fuzzy algorithm, then proposed the process of estimating and optimizing the point spread function, and used adaptive smoothing term to establish the variational energy equation. But in the experimental results, it had no significant improvement than before. (Raskar, Agrawal and Tumblin, 2006) come up with the removing motion blur algorithm in the frequency domain. Although it needed the help of specific camera, the method computing point extended function was used by a lot of motion deblurring algorithm based on single image.
In the process of image processing, due to many degradation factors and their different nature, the original methods, for example, the inverse filtering, or faced more constraints, or faced the problem of computational complexity. GA, not like traditional algorithms which are confined to the best neighborhood characteristics, but considers the best of the whole image, and makes the effect of image processing approach to the effect of human observing (Panda and Jena, 2016) . For the effects of noise, illumination and so on, due to the robustness of GA, the algorithm can be used in different environments. But GA itself has some problems, such as the lack of mathematical foundation, low computational efficiency, and premature convergence and so on. In this paper, an improved GA is proposed, and it is not restricted to improve a link, but starts from the overall design, many ways are improved, such as genetic operation, group strategy and maintain population diversity. Test results show that these new operations make the global search performance and convergence performance of IGA be greatly improved, better than many existing improvement methods.
The rest of this paper is organized as follows. Section 2 introduces the degradation model of blurred image. Section 3 describes the critical parts of IGA in the progress of blurred image restoration. Then Section 4 presents experimental results and comparisons with the two methods: GA and the classic inverse filtering method. Finally, Conclusion and further work are given in Section 5.
THE DEGRADATION MODEL OF BLURRED IMAGE
To effectively design the digital image restoration system, the actual imaging system, the image digitizer and the image degradation system in image display system must be quantitative characterization. Basically, the characterization process makes the image degradation effect be model, then performs the operation and lets the model be "reintegration", in order to obtain the image restoration. Accurate image degradation model is often the key to image restoration.
After the function of a degenerate operator or degradation system H, the original image overlays with the noise , and forms degraded image ; after the recovery process, getting the restoration image . Wherein, the physical process of the degraded system is summarized in , which is the mathematical model to be found, as shown in Figure 1 . (1) When only the additive noise is considered, the noise in the actual system is expressed by the noise of the adder inputted. The final output of the imaging system is .
Degradation of visible images includes blurring and noise pollution. When the imaging system is space invariant, the point spread function is only related to the difference of the corresponding coordinates, then. (3) said two dimensional convolution operation, the moving of object will only cause the position change of image, and the configuration of the image remains unchanged. When descripting the above process in the spatial frequency domains, we only consider a homogeneous linear system, and take the Fourier transform, as shown at formula (4). (4) is the visual function of degraded images, namely its Fourier transform; said the transfer function of the system, namely the Fourier transform of ; represents the visual function of original image;
is the Fourier transformation of noise.
Image restoration is the following problem: the known point spread function (or transfer function ), the statistical properties of noise (or ) and the degraded image (or the visual function ), the result is to estimate the original image (or ). Image restoration is essentially a deconvolution (deconvolution) operation, in the spatial frequency domain, the direct inversion method is to divide the on both sides.
MOTION BLURRED IMAGE RESTORATION BASEDON IGA
The solution of image restoration processing is an image, a chromosome represents an image, each gene corresponds to a pixel, so we can use genetic algorithms to achieve this task.
1) The generation of initial population
According to the gray value of the degradation image itself directly to speculate and recover the image, an individual is an image. Usually, the gene is one dimensional spatial arrangement, if the gene expresses twodimensional image, then its chromosome is also two-dimensional. In the experiment, a two-dimensional gray scale image with 256 colors is defined, and the chromosome is encoded into a two-dimensional matrix with the gray value of each pixel as the element. For example, if the image size is , then the gene value of the chromosome expresses the gray value of the ith row and the jth column on the speculated image. Due to the gray value is the integer in [0, 255] , gene coding does not use general binary mode, but integer coding method, namely using the real valued of gray values said a gene, in order to represent directly the problem, avoid frequent coding and decoding process, and improve the efficiency of the search. The use of GA, it is first necessary to form the initial group, we use the gray image solution as the initial group, of course, the formation of the initial group could be random, then, by genetic operations, such as selection, crossover and mutation, making the continuous evolution of the initial group and obtaining a better solution. It should be pointed out that if the relevant information of the degraded image can be observed in advance and then form the initial population, the search efficiency can be improved. So, for a wide range of solutions of the image problem, the degraded image must be pre-processed, then as part of the initial population, in order to speed up the search, at the same time, to guarantee a certain search space, random disturbance is imposed on the image. Especially, in order to ensure the coding speed, the whole image is not imposed for the random disturbance, and the specific approach is that the degraded image is first processed by the inverse filtering restoration, then randomly opens a window in the restored image, using Gaussian random function for the image in this window to form the initial population. The initial population size is set to 30. After scrambling, the gene value is expressed at formula (5): (5) is the image after being processed by the inverse filtered, is the inferred image of the chromosome representation.
2) Improved selection operator
Traditional selection-crossover-mutation mechanism and proportionate selection according to the fitness, make the individuals with higher than the population mean obtain more sampling in the next generation, once certain individuals were sampled in the group of dominant, traditional genetic algorithm will strengthen this advantage, so that the search range narrows down quickly, which produces the "premature convergence" problem. In this regard, the combination of simulated annealing algorithm and GA is an effective solution. The simulated annealing algorithm has nothing to do with the initial value, the solution obtained by the algorithm does not pertain to the initial solution state; The simulated annealing algorithm has the asymptotic convergence, and has theoretically proved to be the global optimization algorithm which is convergence in the global optimal solution at the form of probability; It is the parallelism.
Making use of the traditional GA which focuses on global search to generate a set of new and more adaptive individuals, then reusing the simulated annealing algorithm which focuses on local search to do the optimization and adjustment for data individuals step by step, that is to say, GA dynamically controls the selection probability when searching, and can implement temperature control function in the simulated annealing (Patel and Srivastava, 2015) . As appropriate to maintain non-optimal solution of the generations, thus effectively ensures the population diversity, and overcomes the premature convergence problem. Maintaining population diversity is an effective strategy to prevent premature convergence. 
Supposing, the new fitness is , the changing threshold is , when , selecting a new individual; or else, according to the probability to select a new individual. (6) Wherein, is the control parameter and amounts to the temperature in thermodynamics.
3) Improved crossover operator
In traditional GA, the crossover refers to the crossover of parts of the two chromosome genes. Because of the particularity of the image, some improvements have been made to the crossover operation, namely, adopting two points arithmetic crossover.
Arranging, the individuals: and , the crossover is done between the ith element and the jth element, then the descendant is respectively : and .
In , each element from to is determined by linear combination , and in , each element from to is determined by , , is a constant.
4) Improved mutation operator
Mutation operation of simple GA is only random for selecting the mutation position, then doing the negation of 1 and 0. Because of the strong spatial correlation of the image, the efficiency of the pure negation operation is not high. In this paper, the variation operation adopts the neighboring pixel mean value replacement method, that is, when a gene needs to be variant, its value is replaced by the average value of all values in small range of its proximity. As shown at formula (7). (7) is the gene which needs to be variant, m and n are the width of the variation range, they are designated in line with the practical situation.
IGA Flow is as following.
(1) Confirming the control parameters and the generation gap , initializing the group; (2) Judging the convergence conditions are or not met, if they are, then outputting the results and exiting, else continuing; (3) When , selecting a new individual, or else, according to the probability to select; (4) The crossover and mutation operation which is mass selection, competition and selection in small range.
Applying the roulette to select two parent individuals for executing 3-5 times random crossover and mutation, thereinto, 1-3 times are doing the neighbor mean value mutation, and producing 6-10 descendant individuals, then selecting the individual which fitness value is biggest as one of the next generation. Repeatedly executing until the number of the next generation is ; (5) Ordering the new descendants according to the fitness; (6) Searching the optimal in the neighbor: this operation is mainly executed for the highest 2-5 individuals in groups; (7) The filter operation: filtering the worse individual which fitness and generalized Hamming distance are both less than the threshold from two individuals, then remaining individuals; (8) Judging is or not equal to , if it is, then turning to step (2); or else, executing the operation of dynamically suppling new descendent, that is, doing 3-5 times random mutation for the former individuals in last generation, and producing new individuals to put into the offspring, then turn to step (2).
EXPERIMENT EVALUATION
In this paper, IGA is used to deal with the common motion blurred images restoration. The recovery effect of the actual image is mainly based on the visual effect of the transmission to judge; the simulation image restoration effect can also be judged according to the change of the noise ratio before and after the recovery. In order to explain the characteristics of the IGA, the classical inverse filtering method and the traditional GA are used, and their effects are compared.
The peak signal noise ratio (PSNR) is as follow.
First, the given image is pre-executed and turned into 256*256, then using the image in 256 gray levels to do simulation experiment. The original image (Figure 2 ) is processed by motion blur, meantime, does straight line motion in x, y axis two directions (x=20, y=20), the result is Figure 3 . The degenerate model is written as follow. (9) Their Fourier transform is expressed in formula (10). (10) In , the distance of direction motion is respectively and , , the degenerate image is shown in formula (11) as the integration method.
is the noise item and has nothing to do with the motion, wherein.
Therefore,
Supposing , , . For Figure 3 , firstly using IGA, assigning the initial group is 30, when running about the 50th generation, it can achieve more satisfactory recovery image quality, as shown in Figure 4 . Adopting the same parameter values, respectively applying the traditional GA and inverse filter method, the effects are shown in Figures 5-6 . The comparison of the degraded image restoration is shown in Table 1 . Table 1 , IGA simplifies the computation space and efficiently shorts the recovery time of the image.
CONCLUSIONS
Recovering degraded image is an important part in the digital image processing. This paper proposes an IGA which focuses on motion blurred image restoration research. In the experiments, for a certain photo, at the same time using IGA, the traditional GA and the inverse filter algorithm, the result shows IGA is superior to the other two in some respects, such as, IGA can overcome the premature convergence, improve the global searching performance and short the restoration time of blurred image, etc. and IGA has higher PSNR, when the SNR is lower, IGA can well suppress noise, reduce distortion and restore the image missing details. But IGA's processing speed is not fast enough, and need to further optimize the code. Furthermore, the combination of fuzzy method and GA also can be used in the application of distortion image restoration, which will be the next research work.
